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PRETFACE

The materials for this mnemoir have been accumulating for many years, indeed

since my papers on Nova Persei communicated to the Royal Society in 1901-02.

Mr. Rolston has recently been employed on them, under my supervision,

because I was anxious to bring them together before my work here ceased.

Very fortunately, while this was going on, Professor Iniguez, of the Astro-
nomical and Meteorological Observatory, Madrid, was good enough to send me a
most valuable series of photographs of the spectrum of the recent nova, taken by
him, with full permission to reduce them. 'This reduction has been made by
Mr. Baxandall with great care, and I think it is clear that the Madrid results
afford a most valuable comparison with, and confirmation of, those obtained from
other novee. They also enable the sequence of the phenomena to be studied with

greater precision than was possible before.

It was my original intention that this memoir should be monre comprehensive
than it is, e.g., there is the large question of the nebulosity connected with novee,
as in the case of Nova Persei (2), but the pressure of work incident upon the
removal of the Observatory has made a complete discussion impossible.  The
general conclusions to be derived from the collection of data now brought together

must therefore be deferred to a further memoir.
NORMAN LOCKYER.

Solar Physies Observatory,
South Kensington.
March 17, 1913.
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PARTICULARS CONCERNING THE NOVA DISCOVERED SINCE 1891—continued.

5 ) ] Date first observed. Magni-
2 Ycar : R.A. Dee. - S . tude at
E announeed, Home. (1900.) (1900) & Photo'- Speetro- LR '!‘im(? of
., / Visnally. gcr:ﬁ);].l- scopically. Discovery.

—_— r SR = — —
H, M. NPy U | |

53 1849 N. Sagittarii (1) - | 18 56:2 | 13 188 — 8.3.98 19.498 | Fleming - 47

6 1900 N. Aquile (1) -| 19 15:3| 0 198 — 21.4.99 3.7.99 Fleming - 7-0

7 1901 N. Persei (2) - 3 244 |43 34N. | 2221901 22.2.1901 | 22.2.1901 | Anderson - 2-7

8 1903 N. Geminornm (1) 6 37°8|30 3N. — 16.3.03 26.3.03 | Turner - 80

9 | 1905 N. Ophinehi (3) - | 17 44-8 | 16 408 — 1888 15.7.98 | Fleming - ; 77
10 1905 N. Aquile (2) - I8 56°8| 4 358 — - 18.8.05 | Fleming - | 9:0
11 1906 N.Seorpii (2) - | 17 475 |34 208 — 14.6.06 = Cannon - .88
12 1906 N. Velorum - 10 583 |53 518 — I 5.12.05 — Leavitt o | 97
13 | 19u7 N. Cireini - - 14 40°53 |59 358 -— .2.06 — Leavitt - 95
14 1910 N. Arz - - 16 33052 148 ! — 4.4.10 5,7.10 Fleming - l 6.0
15 1910 N. Sagittarii (2) - | 17 53-8 | 27 338 — 31.6.10 21.3.10 | Fleming - 78
16 1910 | N. Sagittarii (3) - | 18 13°8 |25 14 S — 10.8.99 -— Cannou - 85
17 1910 N. Lacerte - - 22 31'8 . 52 12 N, | 30.12.10 | 19.11.10 TAIR1 Espin - ] 80
18 1911 N. Sagittarii (4) - | 18 05 | 27 26 8. l —_ 22.5.01 — Cannon - 10°3
19 1912 | N. Geminorum (2) G 484 | 32 16 N. ' 12.2.12 13.2.12 — Enebo . - 45

|

In the case of a number of these novee, the star was too faint when
discovered for its spectrum to be secured, in other cases the spectrum which
revealed its nova character was insufficient to give much more information; it
will therefore be impossible to include the objects in the discussion. On these
grounds Nos. 11, 13, 16, 17 may be dismissed at once.

2—~THE SPECTRA OF THE FAINTER NOVA.

We have some spectroscopic data for N. Aurige (1892), N. Norme (1893),
N. Carinze (1896), N. Centauri (1895), N. Sagittarii (1) (1899), N, Ophiuchi (1898),
N. Aquilee (1) (1899), N. Persei’(2) (1901), N. Geminorum (1) (1903), N. Aquilwe
(2) (1905), N. Velorum (1906), N. Sagittarii (2) (1910), N. Are (1910), N. Lacerte
(1910), and N. Geminorum (2) (1912). In four cases only, viz.,, N. Aurigwx, N.
Persei, N. Lacertzc and N. Geminorum (2) are the data full enough to warrant
detailed discussion, and these four will be discussed later. N. Centauri, although
providing meagre data, appears to have presented special features calling for further
remark, but for the present we will dispose of the remaining ten by tabulating the
lines recorded in their spectra.
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Of the nova which appeared in the constellation Centaurus in 1895, Pickering
stated® that the spectrum on July 18, 1895, resembled that of the nebula surrounding
30 Doradus, and was unlike that of an ordinary nebula or of the new stars in Auriga,
Norma and Carina. According to Le Sueurf, the spectrum of 30 Doradus,
examined with the great Melbourne reflector, showed the first nebular line 500
" easily and the 497 line certainly but with difficulty, while the hydrogen line F was
only suspected.

On December 16 and 19, continues Pickering, Mr. Wendell found the spectrum
of the nova to be monochromatic and very similar to the adjacent nebula N.G.C. 5253.

The spectrum of this nova was examined by Prof. Campbell at Mount Hamilton
on December 22 and 29, 1895, and seemed to him} to be continuous, certainly
not nebular.

Re-examining it on February 8, 1896, under much better conditions, he found
that the spectrum of the nova certainly was continuous although very peculiar. The
maximum visual intensity was in the yellow-green, the green-blue was very faint,
while the blue was surprisingly strong, in fact was very much brighter visually than
the green-blue, and the spectrum was relatively faint about A 5200 to A 4600.

There was no trace of the nebular lines or of the Hp line, although there was
some evidence of bright lines or of irregularities in the brightest portion of the
spectrum, but the light was too weak to enable this to be established with
certainty.

Prof. Campbell suggests the possibility that under the difficult conditions of the
Harvard observations the spectrum of the neighbouring nebula, in which he finds the
nebular lines with their usual intensities, was observed.

‘While there was a difference of opinion as to the inclusion of this object as a
nova, it is now generally accepted as such, and we must consider it as a new star
which exhibited a continuous spectrum. Subsequent observations by Prof. Hussey,
quoted by Campbell,§ showed the star to be surrounded by a faint irregular
nebulosity which was joined up to the adjacent large nebula N.G.C. 5253 ; this was
on July 9, 1896, when the nova’s magnitude was about 16.

3—THE SPECTRA OF THE BRIGHTER NOV.Z.

(e)-—THE SEQUENCE OF THE APPEARANCE OI DIFFERENT
TYPES OF LINES. :
We are now left to deal with the four objects named in the preceding section
which have been sufliciently bright to afford spectra from which the information
concerning the physical conditions of the radiating and absorbing matter involved
could be deduced.

* Harvard College i)bservzitory Circular No. 74. 7
T Proec. Roy. Soe., Vol. 18, p. 222,
1 Astrophysical Journal, Vol. V., No. 4, p. 233.
§ 1bid, p. 234.

97
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TABLE III.
LEPOCHS AT WHICH THE VARIOUS SPECTRAL CHANGES 1TIAVE BEEN
OBSERVED TO TAKE PLACE IN THE SEVERAL NOV.UE.
B . | |
Jl,)lnte Of_]' 1{5‘; Date of | Continuons Dark Line  DBright Line a . Nebular
Nova. IOt%gl_“l’l‘" Maximnm Speetrum Spectrum Speetrum )‘ LU L Speetrum
e VI Brightness, Observed, Observed, Observed. | redominant. | gpgoged,

Observation.

Aurigae, 1892 Feb. 1, 1892 Feb. 3, 1892 Aug. 17, 1892

Feb. 3, 1892 | -

(Sonth (Campbell).
Kensington).
Persei (2), 1901 - Feb, 22,1901 Feb. 23, 1901 Feb. 22, 1901 - Feb. 22, 1901, Feb. 24, 1901  Mar. 21, 1901  July 9, 1901
(Edinboro”). | (Harvard). (Harvard). (South (Lick).
Kensington).
Geminorum (1), 1903 Mar, 16, 1903 Mar 6. 1903 - —_ — Mar. 28, 1903 .-
(Frost).

Jan. 3, 1911 ' Mar. 30, 1911 -

(Wright).

Laeertwe, 1910 - - Dee, 30, 1910 Jan, 2, 1911

Mar.13,14,1912 Mar. 15, 1912
(Harvard). (Harvard).

Mar. 27,1912
(Madrid).

April 6, 1912

Mar, 12, 1912
(Mt. Wilson).

Geminorum (2), 1912 Mar, 14. 1912

Nore.—These dates, and therefore the intervals, are by no means rigid., beeause, in the first place, the change is a
gradual one, difficult to determine, and, sceondly, the time when sueh a ehange was first observed was not necessarily the

actual time of its inception,

3 (b)—THE CONTINUOUS SPECTRUM, WITH OR WITHOUT DARK
LINES, FIRST OBSERVIED.

In 1901, when Nova Persei (2) appeared, Dr. Copeland examined the spectrum
about 16 hours after the discovery of the nova, and found it to be strong and
purely continnous. When the discovery was generally known and weather
permitted observations to Dbe made this phase of the spectrum had disappeared,
and, so far as we know, it has not been observed in the case of any other nova
with the exception of the peculiar Nova Centauri referred to in the previous
section. In the ecase of Nova Persei (2) dark absorption lines appeared within a
few hours in the continuous spectrum.

Of the novee discovered sinee 1891 it has been definitely recorded of two
only that a purely dark (absorption) line spectrum stage has preceded that stage
in the speetral changes in which the spectrum is essentially one of bright lines
or bands, and is generally known as the “typical nova” spectrum. The two
stars are Nova Persei (2) and Nova Geminorum (2).

* Pro. Roy. Soe., Edinburgh, Vol. XXV, Part L, p. 515, § L.
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Fi16. 2.—THue STELLAR CLASSIFICATION.

In the accompanying table (1V.) the dark lines observed photographically in
N. Persei, at the Harvard College Observatory, on February 22, 1901, are com-
pared with the dark lines of the type-stars Rigel, Bellatrix, Markab, and a Cygni;
where two wave-lengths are given without a bracket, the lower one represents a
line in a 'S, Kensington type-star. Pickering gave the spectrnm at this time as
similar to that of Rigel. See Plate 1.

The following analysis of the lines in detail will enable us to study this
question :—
The first two lines common to Nova Persei and the other spectra are due to
hydrogen, and need no further remark.

4026°4 (3) Helium line, Comparatively weak in the nova (3 on a maximum
of 40), and is therefore more like Markab (intens. 1-2 on maximum of 10)
or a Cyeni (intens. 1 on maximum of 10).

10769 (2) In Rigel and Bellatrix this is probably due to oxygen, the other
(1076°3)
oxygen lines near by being present. But in the nova this is the only
oxygen line of the group that is possibly represented, and its oxygen
origin seems to be unlikely.
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44816 (20). 1In the type-stars this line is due to p. Mg, but it is always a
hard, sharp line. In the nova 418176 is the centre of a dark hynd
(e.d.) which extends from 44749 to 4187°2, a breadth of 12°3 A. In
intensity it is only exceeded by the hydrogen lines. One conelndes that
p. Mg is probably present, but under conditions differing eonsiderably
from those obtaining in the ordinary helinm stars. The other p. Mg

line 1395 is not present.

45295 (2). An unknown line oecurring in vy Orionis (1) and in « Cygni (1)
and Sirius.  In the latter two it may be due to p.Ti at 1529°6.

45524 (2). In Bellatrix this is an intensity 3 line, probably dune to p. Si (ITT.)
4552°8,in @ Cygni {<1), in Rigel (1). But in each of these eases the
other neighbouring p. Si (IIL.) lines are also present, whereas in the
nova they are not. Hence the silicon origin is untenable for the nova
line.

45719 (1). In Bellatrix there is a faint unknown line (1) at X 1370°4,
whieh also possibly oceurs as A 4570°6 in o Cygni (<1). In TProcyon

4571°2) . . .
there is a line at A i;%%l}«))’ probably due to Mg-—p Ti, but in the

nova these origins are not otherwise represented, so we cannot accept
this likeness to DProeyon; this also applies as regards the near line
A 45722 in a Pegasi.

46154 (1). No such line in the type-stars and no origin snggests itself.
4642°2 (2). An unknown line in Rigel at A 46425 (1).

16650 ) n . .

46611 g(l) No known lines of these wave-lengths in the type-stars,

_—1 .= [

iiiz ; (3)}is the helium line found in the type stars, but its intensity in
713°:

the nova speetrum, compared with the lines 4471 and 4481, is abnormal,

Intensities in
A\ . ]
Nova, Rigel. Bellatrix. Markab. a Cygni.

, Max. = 0. = 10. = 10. = 10, =0.
- - _ — B - _
\ 4471 1 | 6 s 1 1-2
i
! 1481 20 | 7 1 6 8

1713 3 ' 3 4 - —

1922°2 (2) in Bellatrix is probably due to Asterinm (int. = 5) while in

a Cygni there is a line (int. = 8) at 49241, due to p. Fe. But the
othier lines due to Asterium (see note on 4388°1) are absent from the
nova, and many p. Fe lines are lacking.
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a plate accompanying the Harvard “ Circular ”, and they present no differences
that are seen at first glance. More careful examination arouses the suspicion
that the spectrum is slightly stronger on the less refrangible edges of H. K.,
Hs, and H,, in the nova spectrum than in that of Procyon, but this apparently
increased intensity is not to Dbe compared with the intensities of the hright
bands that subsequently appear in these positions. There is also a slight
difference of the grouping of the lines between H: and H,, the grouping in
the nova spectrum heing more like that in the later nova spectra (of the bright-
line stage), than that in the spectrum of Proecyon. Miss Cannon directs attention
to this feature in saying that lines near A 4175 are stronger in the nova
spectrum, and it may be noted that there is a strong pair of enhanced iron
lines { IS

417895
strongly, as will be seen later, in the subsequent stage of novee. The spectra
reproduced by Prof. Pickering also show a stronger continuous spectrum in the
ultra-violet in the case of the nova than in that of Procyon.

}in this region which are conspicuous in a Cygni and come out

The conclusion to be drawn then, in the case of Nova Geminorum No. 2,
is that a dark-line spectrum, very similar to that of Proeyon, but possessing
features suggestive of the lafer nova stage, existed during the short time that
the star was rising to its primary maximum.

3 (¢)—A COMPARISON OF THE DARK-LINE SPECTRUM OF
NOVA AND THE SPECTRA OF GLOBULAR CLUSTERS.

In a paper published in Vol. XXXIII. of the Astrophysical Journal (1911,
p. 58), Dr. Fath describes some spectra of spiral nebulee and globular clusters
secured by him with the 60-inch reflector of the Mount Wilson Observatory,
and tentatively suggests that his photographs afford some evidence of a
progressive change in the spectra of the nebulee with change of form. The
observed changes proceed from a bright-line spectrum, through dark and bright
lines to a dark-line spectrum on a strong continuous background, and, Dheing
progressive, in well-marked stages corresponding with the changes in the physical
appearance of the several objects, suggest a possibility of some relation to the
progressive changes in novee spectra.

The spectra suggesting these changes are, however, on so small a scale (3 mm.
from N 3700 to A 5000) that the greatest caution must be exercised in drawing
parallels or conclusions. It may be ‘pointed out, however, that Dr. Fath’s
suggested sequence from the bright-line spectrum, without continuous spectrum,
found in the irregular, probably spiral forms, to an F (Procyonian) type spectrum
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not from the raising of the temperature of the denser swarm. For both these
reasons it is important to consider chiefly the wave-lengths of the bright lines
accompanied by dark ones, and we may disregard apparent absorption phenomena,
which, from the absence of bright lines, may be referred to the effect of contrast -
rather than absorption.

Another fact which must be remarked is that in the spectra of those novae
bright enough to have been observed in detail, the dark companions of the bright
bands, e.g., the hydrogen bands, have apparently been considerably displaced from
their normal positions while the bright bands themselves have in general exhibited
small or no displacement.

The existence of the second set of dark lines and the fact that the dark
companions of the bright lines are considerably displaced has allowed two views
to be held by observers engaged in measuring and reducing nova spectra. Some
have measured and ascribed origins to the second set of dark lines or bands,
while others have considered them merely as interspaces in a bright band
spectrum.

By those observers holding the former view the dark lines have been measured,
and, by allowing suitable and, at times, variable amounts of displacement, have
been identified with various lines of known origin. The results so obtained
strongly indicate the improbability of these dark bands being true absorption
phenomena. Not only do they differ enormously from nova to nova, they differ
frequently in the spectrum of the same nova taken at very brief intervals, and
so suggest violent changes of physical conditions.

On the other hand, the bright bands in the spectra of novae at this stage
of their development can be recognised as identical from one nova to another.
Reference to the South Kensington papers on Nova Aurigee™ and Nova Persei,
the only two novwe bright enough to be adequately observed here, will show that
they are similar ; further, as shown in Table V, both agree quite well with the Nova
Lacertee spectrum recorded by Wright,f and with the spectrum of Nova Geminorum
No. 2 as reduced here from the negatives taken at Madrid.§ A brief statement
of the method employed here for the reduction of the nove spectra will illustrate
the principles of this second view and why they have been adhered to at this
Observatory.

* Roy. Soc. Proe., Vol. 50, pp. 408, 433, and 468.

T o o »  Yol. 68, pp. 122-145; Vol. 69, pp. 356-7.

1 Liek Observatory Bulletin No. 194,

§ See Addendum for further observations at Mount Wilson received here after this memoir had

been prepared.
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3 (e)—PRINCIPLES EMPLOYED IN THE REDUCTION OF
WAVE-LENGTHS AT SOUTH KENSINGTON.

In the reduction to wave-lengths of the lines in novze spectra, it has been
assumed that the spectrum is chiefly one of bright lines.

In the cases of Nova Aurigee and Nova Persei comparison spectra were
available. As the Madrid spectra had no laboratory comparisons it has been
assumed, in order to make comparisons possible, that the bright hydrogen bands
are in their normal positions, and their normal wave-lengths have been adopted
in the reduction. The wave-lengths of the other bands measured, therefore,
depend on the adopted normal wave-lengths of those of hydrogen, and any
displacements which may be found by other observers for these bright hydrogen
bands will have to be applied to the other bright bands in the spectrum, as
the displacements or changes in wave-lengths may in the first instance be
assumed to be common to all the bands.

Comparison of the spectra with those of various type-stars in which lines
in the position of these bands have been well authenticated—such as a Cygni and
Rigel—has shown that it is far easier to match the apparent bright bands in the
novie spectra with dark lines of normal stars, than to match the apparent dark
lines in the novee with dark lines in normal stars. It has, therefore, been
concluded that in the majority of cases what appear to be narrow dark lines
in the novae spectra are only interspaces between the bright bands. With
regard to the hydrogen radiations, however, it is certain that the bright bands
are in many of the spectra accompanied by corresponding broad dark lines on
the more refrangible side. Moreover, in some of the spectra these dark lines
show clearly-cut bright reversals down their centres, so that the spectra cannot
be considered entirely one of bright bands. Again, assuming the bright hydrogen
bands to be in their normal positions, these dark hydrogen lines and the reversed
lines are displaced some 15 to 20 tenth metres to the more refrangible side.

Probably in consequence of changes in wave-length produced by different
streams, the strong broad bright lines are multiple and show some kind of
structure. It has been thought unnecessary and entirely misleading to measure
each little piece of bright and dark in the broad lines and assume that the
resulting wave-length represents that of a line of some chemical element or other.
Such a procedure is bound to lead to fictitious identifications. The middles of
the broad hydrogen bands having been adopted for mea.surenient, the middles
of other ontstanding broad bright bands have also been measured and the resulting
wave-lengths adopted as representing real spectrum lines. Many of these agree
so well in position with well-marked known lines in the spectrum of a Cygni,
that there can be no question as to their identity. Next to hydrogen the out-
standing lines in the nova spectra—in the bright-line stage—are the enhanced
lines of iron.
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This conclusion has been stated and reiterated in previous papers,* yet several
observers, in dealing with spectra of later novse, have published long lists of
lines in which this second class of lines has been accepted as indicating real
absorption, and the lines have been given origins which have differed considerably
wnter se.

3 (f.)--COMPARISON OF BRIGHT LINES IN THE SPECTRA OF
THE SECOND STAGE OF VARIOUS NOV/AE WITH STRONG
LINES IN THE o CYGNI SPECTRUM.

In Table V. all the available spectra of the bright-line stage of novee are
brought together and are compared with the spectrum of a Cygni as photographed
and reduced at South Kensington. The identity of the main features is apparent
from this table, and may Dbe recognised at a glance on TPlate I., where the
spectrum of Nova Geminorum No. 2 is mounted alongside the spectrum of
a Cygni photographically reversed.

TABLE V.

COMPARISON OF BRIGHT LINES IN THE SPECTRA OF THE SECOND ':STA(%R OF
VARIOUS NOV./E WITH THE STRONG ABSORPTION LINES IN THE
e CYGNI SPECTRUM.
Nova Gemi-

Nova Aurigs a Cygni (S. Kensington). |

|
(i:elge‘;‘;gﬁfgg)’} e et | non @ | | Remarks.

.1892. ’ | Feb. 25, 1901. Jan. 1910, | Lla:;}[])leggl'ullgl 2’1 AN PB(;E;?IIQ .

3933 — — s | ; — K

3968 — — 3969+ 2 — _ H4m
— — —_— 40069 — — ‘

s _ _ .4019-3 — — |

— — 4034 — — — 1

_ _ — 1061 — |

_ 4067 — — 1067-2 | p. Ni

1101 4102 4101 4101-85 | 4101-8 H |H
wo | aw | o= = |y pae

— — 4143 _ _ o

4172 4175 = 41745 {1538 | L Ee

* Proe. Roy. Soc., Vol. 68, p. 122; Vol. 69, p. 356.
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495, and 436, and ten lines of less intensity were recorded, so that the line was

a fairly conspicuous feature of the spectrum. At this time the nebular lines
500 (int. = 100) and 495 (int. = 30) were exceedingly strong.

In Nova Carinze (1895) Prof. 1’1cke11ng found the bright and dark hydlogen
lines on a photograph taken April 14, 1895.%

On a second photograph taken on June 15, 1895, he found the spectrum was
greatly changed,—H,, H,, and H, were still bright, but “another line, whose
“ wave-length is about 4700, is here as bright as the hydrogen lines. On the
‘ photograph taken on April 14 it is barely visible.” Taking into account the
avowedly approximate wave-length and the small dispersion of the photograph
examined, it would appear very probable that this was another record of the line
under discussion.

The same line appeared in the spectrum of Nova Sagittarii (1898) photo-
graphed at the Harvard College Observatory, Arequipa, on April 19, 1898,
Prof. Pickering statesT that on an excellent photograph 3 mm. long the hydrogen
lines Hy —H, were bright, and a bright band was seen at X 4643. On April 21,
two days later, the mnebular line A 500 appeared, although the photograph
reproduced] shows but the faintest trace of it. Prof. Campbell§ gives the wave-
length in Nova Sagittarii as 462 and the intensity as 4 on a scale where H, is
10, A 496 is 20, and A 501 is GO. '

Coming to Nova Persei of 1901 we find a much better spectroscopic record
from many observatories, which enables us to fix the epoch of the appearance of
this line with much greater certainty. A re-examination, by Mr. Rolston, of the
South Kensington spectra taken with (1) the 30-inch reflector and 2-prism
Hammersley spectroscope, and (2) the 9-inch prismatic reflector, shows that
while on February 23, 1901, the enhanced lines of iron, &ec., already referred to,
were very strong, there was no certain trace of the 4639 radiation. There is a
small clement of uncertainty because, on the small dispersion photographs em-

ployed, the broad bright enhanced iron doublet {i?f? is not separable from it,

but this dounblet shows no sign of abnormal intensity.

Between March 10 and 21 it was impossible to secure speetrograms at South
Kensington, but a very weak photograph taken on the latter date shows the
1639 line quite conspicuously, with the hydrogen lines, although the enhanced
line radiations are too weak to be seen. On March 25, 26, 27, and 30 weak
negatives show that, while the enhanced metallic lines had practically disappeared,
the line at 4639 was very strong, being nearly equal in intensity to the hydrogen
lines.

X Astrophysml Journml Vol. IL., p. 320.
t Astrophysical Journal, Vol. IX,, p. 183.
1 Ibid., Plate I11., p. 191.

§ Ibid., p. 308.
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A fairly good photograph was secured on April 4, and on this the 4639 line
is both prominent and broad, being equal in intensity to H,, but less intense
than H,; but on April 12—the last date on which a ‘photograph (see Fig. 1) was
secured at South Kensington before the star’s conjunction with the sun—this
line at A 4639 was the brightest and broadest in the whole spectrum, Hg, H,, and
A 4472 being much weaker. On this photograph the line is duplicate, having on
its less refrangible side a weak radiation, of which the wave-length is not far
from A 4680.

The series of photographs at South Kensington was resumed after the
conjunction, and a fairly good negative was secured with the 9-inch prismatic
reflector on August 15. This shows the nebular lines fully developed, while
A 4639 is there, although very weak, and this state of things continues, so far as
our photographs give any information, until the end of the series in December
1901.

Nova Geminorum (No. 1), discovered at Oxford in 1903, afforded the same
phenomenon, and its spectrum appears to have reached the 4639 stage before
being recorded. The star was discovered by photography on March 16, but
subsequent examination of a photograph taken at the Yerkes Observatory on
February 21 showed that it was then certainly fainter than the fifteenth magnitude.*
A spectrum taken on March 28 shows a band at mean wave-length \ 4647 (which
is recognised as the “N 4640 of earlier novee) as the strongest band in the
spectrum. The enhanced metallic lines are not present, and Prof. Hale statest
that the faint bright band in the region of the nebular band is too weak for
measurement.

Later photographs taken at the Lick Observatory show that up to April 22,
1903, “A 46257 was one of the predominant lines of the spectrum, while the
nebular line 5007 was still extremely faint.}

After conjunction with the sun, the speetrum was again observed, visually, at
the Lick Observatory, and the nebular line A 500 was found to be the strongest line
in the spectrum,§ while A 4640 was very faint or absent.

Both Nova Aquile (2) of 1905 and Nova Velorum of 1906 showed this radiation.
On the plate (August 18, 1905) which led to the discovery of the former, the band at
“\ 4646 appeared in addition to the hydrogen lines and the helium line A 4472, and
its intensity exceeded that of A 4472, It should be noted that neither enhanced
metallic lines nor the nebular lines are mentioned in Prof. Pickering’s announce-
ment,|| but it must be borne in mind the whole spectrum was very faint. Later
photographs taken at the Lick Observatory on September 6 and 10 show Hg, H.,
and Hg, and the same band about 100 t.m. broad, for which the mean wave-length

* Astrophysical Journal, Vol. XVII., p. 300, 1903.

t Ibid, p. 304.

1 Astrophysical Jonrnal, Vol. XVIIL., page 300 and Plate XI.
§ Lick Observatory Bulletin No. 48, p. 132.

| Harvard College Observatory Circular 106,
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is given®™ as N 4600; but the spectra are very small and the measures very
approximate ; it is almost eertainly the same radiation. The nebular lines are not
shown. In the case of Nova Velorum the 4640 band accompanied the hydrogen
lines Hg, H,, and Hs and the nebular lines; 4472 is not given.T

Nova Lacerte, discovered on December 30, 1910, was photographed and a
spectrogram secured on January 3 with the Bruce spectrograph of the Yerkes
Observatory ; the spectrum showed A 4640 as an enofmously broad line, more than
twice as broad, although perhaps not quite so intense, as Hpg

The nebular lines were not present on January 3, but later spectrograms, obtained
by Mr. Parkhurst in May 1911, indicated that the A 500 nebular line had then
appeared.

Coming to the recent Nova Geminorum (2), we find that N 4640 line again
appears as a most important radiation. Bad weather prevented any series of
photographs of the speetrum being obtained at South Kensington, but breaks on
April 19, 22 and 23 permitted us to secure negatives with the Hammersley two-
prism spectroscope attached to the 3G-inch reflector. The faintness of the star
and the bad state of the silvered mirror at that period prevented strong speetra
being obtained, but on all three negatives the radiation at X 4640 is the most
eonspicuous band, although Hpg is more intense and very sharp. On April 23,
A 4640 is broad and probably double,” and there is a faint impression near the
position A 4680.

Visual observations, possible through short breaks between elouds, showed
‘that the A 4640 band was probably developed at the commencement of April.
An observation on April 11 showed the band at this position to be only second
in (visual) intensity to Hg, the continuous spectrum in the neighbourhood
being exceedingly weak. On April 19 the band was seen to be brighter than
before relatively to Hpg, and the continuous spectrum was very weak or absemnt.
A subsequent observation on May 16 showed that the band at A 500 was the
strongest radiation, 4640 came next and then Hg.

From the above notes it will be gathered that in the ehanging speetra
of new stars the band at “MN 4640”7 is probably a faetor of great importance.
It would appear to be a special feature of the speetrum during the interim
period between the fading away of the enbanced metallic lines and the coming,
or strengthening, of the gaseous nebular lines. This matter is further referred
to in a subsequent section dealing with the Madrid observations of the spectrum
of Nova Geminorum (2), in which the line is sometimes duplicate and the
exact wave-length of the line has been determined.

* Astrophysieal Journal, Vol. XXIIIL., p. 262, 1906.
t Harvard College Observatory Cireular No. 131.
1 Astrophysical Journal, Vol. XXXTII, p. 410, 1906,
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been copied at South Kensington by direct contact, and enlarged prints, four and
a half times the originals, made from the resulting negatives. These enlarge-
ments have been placed in a sequential series and are reproduced in Plate TI.

To facilitate the interpretation of the spectra, several stellar spectra in the
Kensington series, such as a Cygni and evOrionis, have been copied to the same scale
as the Madrid spectra. Without going into much detail here, it may be said
that a comparison with a Cygni showed at once that the chief bright lines in
the earlier nova spectra agree in position with conspicnous lines in a Cygni, and
there remains little doubt that the two sets of lines are identical in origin.
With some modifications the chief lines in the Nova Geminorum spectra agree
also with those found in previous novie, e.g., Nova Aurige and Nova Persei (2).
From March 2t these e Cygni lines decline in intensity and other lines develop,
chief of which is a strong, isolated, sometimes double, line at A 4639, seen most
conspicuously in the spectra of April 6 and 15.

The earlier photographs show another customary feature of novee spectra in
that the bright hydrogen lines are accompanied on the more refrangible side by
well-marked dark lines. These vary in structure from day to day. On some
days they are beantifully divided centrally by a sharp radiation line or reversal.
In other cases the dividing line is broader and the two dark component parts of
the whole absorption line are very unequal in intensity.

These variations are emphasised in the three successive photographs of
March 24, 25 and 27.
3

Taking H, as an example, on the first date the absorption line is divided by
a comparatively narrow bright line and the two portions of the dark line are
fairly equal in intensity, the more refrangible being slightly the stronger. On
the next day the dividing bright line is a little broader and the difference in
intensity between the two dark components is accentnated. On March 27 the
dividing bright line is still broader and the stronger dark component is now on
the less refrangible side.

There is distinet evidence, also, in the photographs of March 24 and 25, that
not only are the hydrogen lines accompanied by dark lines, but the bright line
in the position of the helium line 4471 and the bright enhanced iron lines at
A\ 4176, 4233 have similar accompanying broad dark lines, these also being
divided by a narrow bright line, but not in such a decisive manner as in the
case of some of the hydrogen. lines. ‘

The detailed reduction and discussion of these spectra, carried out by
Mr. Baxandall, is given Dbelow. In Table VIII. appear the wave-lengths and
probable origins of the bright bands seen on the negative of March 19 when the

enhanced lines of a Cygni were predominant.
a 19881 . E
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DETAILED DISCUSSION OF THE SPECTRUM OF NOVA
GEMINORUM (2), MARCH 16—APRIL 16, 1912.

In addition to the main features-of the spectrum of Nova Geminorum (2),
already discussed in the preliminary general statement, and shown in Tables VIII.,
IX,, and X., there were many less conspicnous but important details shown in
the plates; also very striking changes took place thronghount the spectrum from
time to time, such as were recorded for the spectra of the earlier novee. These
details and changes are dealt with by Mr. Baxandall in the discussion that
follows, the spectrum for each day being treated separately. See Plate 1I.

March 16.—The bright hydrogen lines Hg H, H: H. are shown, H, being
the strongest. Lines Hpg, H,, and Hs appear to have a fine reversal down the
centre. This is best seen in the H, line. On the more refrangible side of H., is a
well-defined absorption line, the width of which is about one-third that of the
bright H, line. There is also a suspicion of absorption lines to the left of Hp
and H; but these are not so definite as that at H,. The K line of calcium and
probably the H line (superposed on H.) are seen as rather faint broad radiations.
Between H, and Hs the usnal nova bands at AN 4176, 4233, 4300 are seen, but
not conspicuously. These are to be aseribed to the emhanced lines of iron at

(417361 ,pan. a0 {4296'72
M 1417905 4233732 and { 454394

Between the last of these and the dark H,, and fringing the latter, there is
another narrow radiation, which, however, may he a portion of the complex
structure of the whole H, radiation.

which are so well shown in a Cygni.

Assuming the apparent middle of the H, absorption line to bhe the real
middle, which may easily be a false assumption, this is displaced from the fine
dark line in the middle of the Dbroad bhright H, an amount equivalent to 15°3
tenth-metres, which, if the displacement is assumed to be due to a velocity effect
(another assumption which may be proved false by future research), shows a
relative velocity of rather more than 1,000 kms. per second for the two bodies
producing the dark and bright hydrogen lines.

From H, to about N 4650 there is a complex series of faint and rather broad
radiations with apparent fine absorption lines amongst them. Judging from the de-
velopment of these broad lines or bands in the nova spectra of subsequent dates it
is fairly certain that most of the faint bright bands in the spectrum of Mareh 16
can be ascribed to enhanced lines of iron which occur prominently in « Cygni.
Without committing oneself definitely to the assertion that the apparent dark
lines are only, in general, interspaces hetween broad bright bands, it appears
likely that such is the case.

March 17.—The hydrogen lines Hs H, H: He (superposed on H calcium)
and the K line of calcium have developed considerably in intensity, the first three
showing rather complex struncture. There are two, possibly three, distinct maxima
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of brightness, the least refrangible being the brightest. The difficulty of deciding
whether the most refrangible of the three maxima in H, and H: is really part
of the hydrogen radiation rests in the faet that the Madrid spectra are taken
with an objective prism and there is no laboratory comparison spectrum to enable
us to say which are really the middles of the complex hydrogen lines. The H.
and K radiations are rather diffuse and show little strueture. The enhanced-
iron radiations at AN 4176, 4233, 4300 have strengthened from the previous day,
and the same remark applies to the complex series of bands between H, and
A 4650. The identification of most of these individual lines with laboratory
lines is made very difficult owing to a succession of probably overlapping images,
but the faet that in other parts of the nova spectra where the enhanced lines
of iron are more isolated (between H, and H¢ and on the less refrangible side
of Hpg) all these special lines of the element named agree in position with well-
marked nova lines, taken together with the fact that there are about seventeen
enhanced iron lines in the region H, to 4650, where the nova speetrum is so
complex, would appear to make it almost certain that the enhanced lines of
iron are the chief factor in the ‘nova speetrum. Another significant faet is
that in the region A 4650 to Hpg where no enhanced lines of iron occur, the
nova spectrum is almost a complete blank.

On the less refrangible side of He in the spectrum of Mareh 17th there is
what appears to Dbe a broad abscrption line, but whether this is a genuine
absorption line or only an interspaee between the bright H, line and the next
bright line on the less refrangible side of Hy is doubtful.

The strueture of the 4300 line (probably a double in itself) combined with
the complex strueture of the neighbouring H, line gives the appearance of a
set of six fairly sharp emission lines with dark interspaces or absorption lines
between.  As, however, it is fairly evident that the nova speetrnm consists
chiefly of broad Dbright lines showing considerable structure in themselves, it
seems almost useless to measure the position of eaeh bit of radiation and each
bit of apparent absorption, and use the resulting wave-length as a means of
possibly identifying these bhits with lines of chemieal elements. Sueh a method
is almost certain to give fietitions and misleading identifieations. In dealing
with novee speetra it must be borne in mind that the number of radiation lines
is probably small, and that the type of line is broad and one showing some
structure. ’

In the region of H, to A 4650 the probably overlapping images of the
individual lines makes it difficult, if not impossible, to tell which are the real
middles of the lines. A similar difficulty presents itself in deeiding whether the
narrow dark portions of the speetrum in this region are real absorption lines
or interspaees between bright lines or bands. Judging from their narrowness,
as compared with the width of the well-authenticated bright lines, the latter is
more likely to be the real interpretation.

: March 18.—There is not much difference bhetween the spectrum of this date
and that of the 17th. 'The structure of the hydrogen lines shows the less
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refrangible portion of the bright lines distinctly stronger than the remaining
portion. The extra radiation to the left of H, and H:, which on the 17th gave
the appearance of a possible third maximum in the radiations, is entirely missing.
H and K are about as on the 17th. The three bands A\ 4176, 4233, 4300 are
the only ones well visible between Hs and H, The dark hydrogen lines to the
violet side of the bright ones are present but not conspicuous.

Marck 19.—The hydrogen lines are now very strong, Hs and H, being
divided in the middle by an apparent absorption line. The two bright components
in the structure of these lines are mow nearly equal in intensity. The bright
H: line does not show the same structure as the others. It is distinctly brighter
at the red edge and then keeps fairly uniform in intensity up to the violet edge,
giving the appearance of a winged line rather than a double as at H, and Hs.
The H. line is of a dual nature, the less refrangible component being much
stronger and better defined than the more refrangible. The K line is also double,
but the difference in intensity of the two components is not nearly so well marked
as in He which probably involves the H calcium line.

The broad lines AN 4176, 4233, 4300, are now quite conspicnous and have
more definite edges than in previous photographs. They also show somewhat
similar structure to the hydrogen lines H, and Hp. The lines between H, and
A 4650 show better definition. Several of these now show the same structure as
the three lines between H, and H: ; being broad lines with fairly well developed
edges and divided down their width by fine dark lines. There can he little dounbt

450846

T 451551 4549°64) L ci 09
that the enhanced lines of iron at AA 452040 ( ° {4556'09) , 4584°02 and

452277

{igéggé}, all well represented in @ Cygni, are involved in the four bright
bands in this region. Which these lines are will be gathered from reference to
Plates 1. and II. Owing, probably to the varied bunching of these sets of lines,
the structure in the different nova lines is not quite the same. The apparent
absorption lines between the members of this set of bright broad lines have
probably no significance as spectrum lines, being only interspaces. The lines
Hg H, and H: are accompanied by narrow dark lines—not very conspicuous,
especially in the reproduction in Plate IT.

March 20.—Very similar to spectrum of March 19, except that there is not
so much detail shown in the individual lines. The brighter portion of the H, line
is not so accentuated here as on the 19th. Two or three weak diffuse lines have
developed in the region between 4650 and H,, which region was in previous spectra
almost void of radiation lines. The enhanced iron line 4924°1, conspicuous in
a Cygni and kindred stars, is fairly well shown. Lines H, H,, and H; are still
bordered by rather broad absorption lines, but of no great demsity. At H, and Hj
these absorption lines are divided in the middle by a weak radiation. If the
H, absorption line is similarly divided it is not very evident. '
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March 22.—0f the spectra up to and including this date, that of March 22
shows most detail in the spectrum lines. The most conspicuous feature is
undoubtedly the very black absorption lines which accompany the bright hydrogen
lines, especially H,, H,, and H,. These are about three-quarters the width of the
corresponding bright lines, and H, and H; are beautifully divided in the centre
by sharp radiation lines or reversals. There is a suspicion that dark H, is
similarly divided. The bright hydrogen lines are still not uniform in intensity
thronghout their width, there being two maxima of brightness fairly equally
divided by a portion of considerably less intensity. Between Hg and H, the out-
standing lines are still those at A\ 4176, 4233, and 4300, which show somewhat
similar structure to the hydrogen lines and are about the same width. Line
A 4300, however, seems more split up than the other two, and shows two maxima
of intensity more conspicuously than they do. The intensity curve of this line is
not symmetrical. On the violet side of lines AN 4176 and 4233 there are broad
absorption lines similar to the dark hydrogen lines, but not nearly so dense.
These absorption lines also show similar structure to the dark hydrogen lines,
being divided down their centres, but not so definitely as in the hydrogen lines.
A few minor radiations have here developed in addition to the three main
bands.

The spectrum between II, and H, still shows a complex system of radiation
lines or bands of varying width, but in most cases they can be called. broad lines.
Between these are what appear to be narrow absorption lines, but the probability
is that these are only gaps between bright lines, and their estimated wave-lengths
probably have no significance. At any rate, if these are assumed to be genuine
lines, to be consistent one should estimate the positions of each portion of the
dark hydrogen lines, and adopt these as wave-lengths of absorption lines. It is
scarcely necessary to point out that such a procedure would give wave-length
numbers of no value in so far as identifying the lines of chemical elements is
concerned. From the wave-length values obtained from the middles of the broad
radiation lines it is fairly evident that many of these agree with strong lines in
the spectrum of a Cygni, which in the majority of cases have been shown to he
identical with enhanced lines of iron. On the less refrangible side of H, the
enhanced iron lines AX 492411 and 5018°63 (very conspicuous in a Cygni) are
easily seen in the spectrum of this date.

JMarch 23.—The spectrum of this date is practically a replica of that of the
29nd ; the only striking difference is that the radiation band, the middle of which
agrees with the position of the A 4471 line of helium, is now somewhat narrower.
and the absorption line or interspace on the violet side of it correspondingly
broader than on the 22nd.

March 24.—Very similar to the spectra of the 22nd and 23rd. The only
notable differences from the spectrum of the 23rd are:—

(1) The absorption lines bordering the bright hydrogen lines are denser, and
thus show more ‘contrast from the bright lines.
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(2) The absorption lines on the violet side of the nova bands at A\ 4176 and
4233 are more conspicuous and show, more distinctly than heretofore,
the same structure as the dark hydrogen lines, viz., they are divided
down the centre by a radiation line or reversal.

(3) The absorption line to the left of the bright line at A 4471 shows more
definite structure than previously. It is divided centrally by a fairly
fine bright line, but the less refrangible portion of the absorption
line taken as a whole is far blacker and morc conspicuous than the
more refrangible portion.

(1) The broad radiation band, the middle of which is at A 4549, shows a little
more structure, as it is now crossed by an apparently thin absorption
line at about one-third of its width inside the less refrangible edge.

All the lines referred to in the spectrnm of this date will easily be recognised
by reference to Plates I. and II.

March 25.—The spectrum shows some very striking changes from those of
the three previous days, which were much alike. There appears to be far more
continuous spectrum than in any of the carlier spectra, and the radiation lines or
bands, although they are identical in position with those in the other spectra, do
not stand out prominently. The most striking change, however, is in the dark
hydrogen lines. In the spectra of March 22, 23, and 24 they were very conspicuous,
broad, and dense lines, with fine bright dividing lines down the centres.

On the 25th the dividing line is considerably wider and ore noticeable,
and the more refrangible portions of the dark hydrogen line is in each case
stronger than the portion bordering the broad bright hydrogen lines. In fact,
what is probably only a portion of the width of the whole absorption line of
hydrogen stands out quite prominently as an apparent narrow and sharp absorption
line. The bright hydrogen lines have a very sharp edge on the violet side, but
are very diffuse on the red side, giving the appearance almost of a fluting. The
structure in the bright lines is not very apparent.

March 27.—The bright hydrogen lines are still very conspicuous. The dark
hydrogen lines have again changed considerably. The most refrangible part
which stood out so prominently on March 25 is now very weak, the less
refrangible portion bordering the strong bright hydrogen lines being the more
conspicuous. The bright hydrogen lines now show a broad and intense portion
very sharply cut on the more refrangible side, less so on the less refrangible side,
with some structure shown in the middle. There is another part of the hydrogen
radiation---not very broad and far less intense than the main portion—on the
red side of the latter and giving rather the appearance, on the whole, of a strong
bright line winged on the red side. There is in the Madrid positive a weak
absorption line dividing the very bright portion of the hydrogen line from the

less bright portion, but this is not so evident in the reproduction.
a 19881 F
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The bands at AN 4176, 4233, and 4300 are present but faint. In the spectrum
between H, and Hpg striking changes have taken place from the 25th. From
H, to about A 4500 most of the lines seen in previous spectra have now
practically disappeared, leaving as the only outstanding feature between
H, and H? the three bands at A\ 4515, 4549, and 4584, all present in previous
spectra, and a much stronger broad band (probably a double broad line),
whose mean position is about A 4640 and width about 60 tenth-metres. The
broadl band is probably not a development of the pair of broad lines occupying
an approximately similar position in the earlier spectra, but an extra line due
to some substance or other, which has come into existence with the changed
conditions in the nova. 'The three other lines mentioned above are probably
the remmnants of enhanced lines of iron which occur so prominently in the
earlier spectra.

March 28.—Not very much different from Mareli 27. The hydrogen lines,
taken as a whole, show a complex structure. There is a broad bright portion
divided in the middle by a rather indistinet dark reversal or absorption line.
Then on each side of the bright line there is a rather narrow absorption line,
the one on the violet side being far more conspicuous than the other. Then
again on the outside of each of these absorption lines there are portions of radiation,
but of considerably less intensity than that of the main radiation.

The whole appearance of the hydrogen lines gives the impression of there
being a broad intense bright line showing a black reversal, this bright line
being nearly centrally superposed on a broad dark line, which again is centrally
superposed on a broad bright line of less intensity than the central portion.

The other lines remain about the same as on March 27.
March 29.—Thin photograph. No striking change from March 28S.

April 1.—Very little different from March 28 and 29. There has appeared
a rather broad, indistinet radiation in the position of the A 4471°G line of
helium, but as there does not seem to be a corresponding radiation at N 4026°3,
the position of another helinm line nearly always associated in stellar spectra
with N 44716, the helium origin cannot be wureservedly accepted. 'The structure
of the complex hydrogen lines shows some slight modifications from March 28,
but as this change seems more developed in the photographs of April 2 and 3,
fuller discussion is reserved for the spectra of these dates.

'Apart from the hydrogen lines, the most outstanding line is still the broad
one whose mean position is A 4639, and which seems to be of a dual nature,
with the stronger and broader component on the more refrangible side.

April 2—The hydrogen lines Hg and H, exhibit complex struciure. The
main portion is a double bright line, the less refrangible component being the
brighter. 'The dark dividing line is very narrow in Hpg, less so in H, On
either side of the strong bright H? line there is an absorption portion, that on
the violet side being the broader. On the outside, again, of each of these bits
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of absorption is a narrow bit of radiation, and yet again outside these pieces of
radiation there are narrow bhits of absorption. All the separate pieces mentioned
are probably parts of a very complex structure in the hydrogen lines.

The H: line shows somewhat different structure from that in H,. The definite
dual nature of the very bright radiation at H, is not seen in H:. The least
refrangible portion of the broad bright line is distinetly strongest, but the rest,
up to the more refrangible edge, is of fairly uniform intensity, but split up by
two rather indistinet narrow lines. The brightest, least refrangible portion of the
bright line is fringed on the red side by a portion of radiation of less intensity,
with a bit of absorption between the two. On the violet side of the broad
bright line there is a piece of absorption, then another bit of radiation, then
again a narrow piece of absorption, which in the reproduction is lost in what
appears to be a broad uniform absorption line. Here again all the separate
pieces of apparent radiation and absorption are probably part of a very complex
structure of the H: line.

The bands at AN 4176, 4233, 447], 4515, 4549, 4584 are present, but not
very strong. The broad and diffuse line at A 4639 is still seen. The K line of
calcium is very weak.

April 3.—Very similar to April 2. The structure of the hydrogen lines is
still very complex; H: differing considerably from H, and Hg. The absorption
lines to the left of Hg and H,, taken in their broad aspect, are divided by a
bright line, not in the nature of a fine narrow reversal, the width of the bright
dividing line being about the same as each of the two portions of absorption
which the line divides. At H¢, however, this broad absorption line is not equally
divided by a radiation line, the more refrangible part of the absorption being a
little broader than the right-hand portion and the bright dividing line combined.
There seems to be a recrudescence of some of the lines which appeared on the
red side of H, in some of the earlier photographs. Most of the enhanced
iron lines are still seen in the nova spectrum. The spectrum in its main features
is not unlike that of March 19, except that the enhanced iron lines are weaker
in the later spectrum and there is considerable difference in the lines between
H, and A 4515. The broad hazy band at N 4640 which has been in the spectrum
since March 27 is here better defined, not so broad, and more centrally divided
and very similar to that of March 19. The H. line is a broad double, the less
refrangible component being much the stronger. The K line is very weak and
this is one of the most striking differences between the spectrum of this date
and that of March 19.

April 4.—Not a very good photograph. The most notable change is that
the prominent line at X 4640 has again assumed a broader and more diffuse
appearance and, although double, is not symmetrically divided, the more refrangible

portion being far the stronger.
F 2
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April 5—Similar in its general features to the spectra of April 3 and 4.
The broad diffuse line near A 4640 now shows no indication of being a double
line as it was on April 3 with a clear dividing line down the centre. The
enhanced lines and A 4471 are still seen, but not prominently.

April 6.—The line near A 4640 is here a far more compact line than
heretofore and it is very nearly as prominent as the hydrogen lines. It shows
no suggestion of duality and it is easier to get a fairly accurate measure of its
position than in previous photographs. Using the hydrogen lines as fiducial
lines its wave-length has been calculated to be about A 4639. An extra radiation
—mnot very strong—has now appeared about A 468, but whether this is a trace
of the chief line A 4686 in the series of hydrogen lines discovered by Prof. Pickering
in  Puppis is doubtful. The radiation at A 4471 and the enhanced iron radiations
at AN 4176, 4233, 4515, 4549, 4584, are still shown weakly. An extra radiation
at about A 42064 is here fairly well seen for the first time, though there was a
trace of it in the spectra of April 4 and 5.

April 7.—The bright hydrogen lines now show the less refrangible portion
much brighter and there is a dividing line of absorption, but not very distinct.
The most striking change from the spectrum of April 6 is in the region near
A 4640. The comparatively sharp and compact bright line of April 6 (A 4639)
is replaced by a broad diffuse double as in the spectra of April 2 and 4. The
more refrangible component of this double is much the stronger. The peculiar
point is that the line of the OGth fits neither of the components of the double
of the 7th. Neither does it seem to coincide with either the dividing line of
the bright double nor with the middle of this double taken as a whole, although
it approximates more closely to the latter position than to any one of the other
three. The remnants of some of the enhanced iron lines (AN 4176, 4233, 4515,
45149, 4584) are still faintly seen. Also the radiations near A\ 4264 and 4471.

April 8—Not a very good spectrnm. From what can be seen in i,
however, there is no decided change from April 7. The lines in general are a
little narrower than in the preceding photograph, but this may be accounted for
by lack of exposure.

April 9—Very similar to that of April 8, the line near A 4640 being a little
narrower.

April 10.—Very similar to April 8 and 9, except that the line near A 4640
has further narrowed.

April 13.—A weak photograph.  Only the hydrogen lines Hg, H,, Hs and
H. seen, with a trace of the line near A\ 4640,
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COMPARISON OF THE SPECTRA OF WOLF-RAYLET STARS AND OF NOV.E
IN THE NEBULAR STAGE—continued.

1 2 3 4 5 6 7
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As most of these wave-lengths in Table XII. are connected with the nebular
stage we deal with that first, leaving the precedent A 4610 stage till later.

At first sight the table conveys the impression that although there are more
points in common between the Wolf-Rayet stars and nove in the “nebula” stage,
than between the former and the enhanced-line stage of novze, the agreement is not
conclusive.

The hydrogen lines are common, hut apart from them there is no known
element certainly represented in both types of speetra. 'The helium line N4471
appears in most of the nove, but it is not accompanied by the other helium lines,
such as A 4026, the next line of the same series, and, so far as has been recorded
by Campbell, only appears as a bright line in two of the thirty-one Wolf-Rayet
spectra, although it was photographed as a dark line in three others. On the other
hand the visnal observations revealed the presence of D; in nine stars of the
Wolf-Rayet type, and in all there is evidence, more or less complete, for
the presence of helinm in 12 of the 31 stars observed by Campbell; but only in
three stars is helium represented by more than one line, and in one of these the
second line (A 4471) is dark while the other (D) is bright. We cannot, therefore,
definitely claim helium as a common connecting element between novie and
Wolf-Rayet stars.

As regards proto-hydrogen, Rydberg’s principal series, as represented by the
A 4688 line, appears in every Woll-Rayet spectrum examined by Campbell, and is
possibly represented in the “mnebula” spectrum of Novie Aurigwe, Persei (2), and
Geminorum (2); the other lines of this series, recently pbotographed terrestrially
by Fowler,* are too far in the ultra-violet to be shown in photographs of stellar
spectra. The absence of the other p. H lines, the { Puppis series, is not conelusive
ewdence against the p. H origin in the novewe, for the two lines A 4549 and A\ 4201

* Monthly Notices, Vol. LXXIII., No. 2, December 1912, |




PHENOMENA OF NEW STARS. 51

are only represented nine and four times, respectively, in the Wolf-Rayet spectra,
and the X 4688 line, as Rydberg has pointed out,” is much the strongest line
of all the hydrogen series and might, therefore, be expected to reveal itself
when the other p. H were too weak to show; the ordinary hydrogen lines are
considerably weakened when the novee spectra reach the nebular stage.

From this evidence we conclude that the connection between the spectra of
novee in the nebular stage and those of Wolf-Rayet stars in general is almost
entirely dependent upon the identity of the ordinary and the Rydberg principal
series of hydrogen.

But if we consider specific Wolf-Rayet spectra in connection with the
A 4640 stage of novee, we find a stronger resemblance between the two classes
of stars. Before doing this it should be remarked that Campbell’s list of lines
given in Table XII. is a summation of a large number (31) of the star spectra
in which the individuals differ considerably infer se, and that many stars of the
Wolf-Rayet typé could not be observed at Mount Hamilton.

The specific Wolf-Rayet spectra that are similar to the spectrum of the novee
in the N 4640 stage are to bhe found among those of Miss Cannon’s O eclass
(Argonian) stars. Thus in the spectrum of the typical star (— Carinee A.G.C.
15305) of the Oa class, a star too far south for Campbell to deal with, Miss Cannon
finds T that “a broad bright band, whose centre is at the wave-length 1633 is the
““ most conspicuous feature of this spectrum. On the side of shorter wave-length
“ the edge of this band is well defined and resembles a dark line; on the side
“ of greater wave-length, the brightness fades off into a fainter band of nearly equal
“ width, which may coincide with band 468S seen in classes Ob, Oec, Od, and
“ Qe.” The general spectrum consists of bright bands on a faint continuous
background, no dark bands being present. In addition to the two already named
the only other bands in the spectrum are He, H,, and possibly the XA 4471 helium
line; the { Puppis series of hydrogen lines may be there, but are not seen with
certainty on any photograph.

A comparison between this spectrum described by Miss Cannon and the spectrum
of Nova Geminorum (2) in the A 4640 stage (given in Table X.) is made in
Table XIII. on the following page.

In making this comparison it must be recognised that very few lines are
involved and any conclusions drawn from it may therefore appear somewhat
doubtful. But on the other hand the few lines are an outstanding characteristic
of both spectra, remarked by Miss Cannon in the case of the Oa type-star and
obvious in the case of the nova [Geminorum (2) | on reference to Table X.

It is also important to note that in the Oa spectrum the bright bands appear
on “a faint continuous background,” and reference to the Madrid spectra
(Plate I1.) shows that when (April 15) the £610 stage is arrived at, the con-
tinuous spectrum has almost disappeared. Visnal observations on April 11 and
19 (see p. 24) also revealed the faintness of the continuous spectrum.

* Astrophysical Journal, Vol. VI., p. 237. )
t “Spectra of Bright Southern Stars,”” H.C.O. Annals, Vol. XXVIII., Part II., p. 146.
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TABLE XIII.

NOVA GEMINORUM (2), A 4640 STAGE, TYPICAL Oa STAR (— CARINA,
APRIL 15, 1912. A.G.C. 15305).
SouTH KENSINGTON. HARVARD.
A } Orig. ‘ Remarks. AA ! Orig. \ Remarks.
3970-25 I 11 Middle of bright H,
(3 weak
lines.) 4059 l
4101-85 H | Middle of bright Hjp 4101-8 ~ H
(3 weak : '
lines.) |
4340-66 H | Middle of bright H, 43407 H |
44702 He | Middle of broad weak bright 44718 He |
band. ,
4639-2 — Middle of strong isolated bright 4633 — Broad bright band, most eon-
line. spieuons feature in speetrum ;
fades off into fainter Dhand
which smay eoineide with
4688.
46%0-2 | ?p.H| Middle of weak broad line, 4688 '
diffuse to measure, possibly {
4688 of Rydberg’s H series. |
4861-49 | H | Middle of bright Hg |
Also the ¢ Puppis hydrogen lines are suspeeted
as bright, but are not elearly seen on any photo-
x graph.

Thus we find a general similarity between the spectra of the A 4640 stage
of novee and the Oa (Wolf-Rayet) spectra, a similarity which extends to practically
all the features exhibited by these speetra.

Prof. Fowler has shown that to get the p.. hydrogen lines showing clearly
in laboratory spectra, electrical discharges of great intensity are necessary™ in
the vacuum tube. In the nove speetra the speeial conditions are elearly not fully
attained, but the presence of the N 46S8 radiation in both novae and the Oa
speetra, and the possible presence of the bright { Puppis series in the latter,
indieates the probability that in the atmosphere of these stars the laboratory
conditions are approached.

With regard to the apparent variation of the wave-length for the “\ 4640 ”
radiation as given by different observers in different stars, it must be borne in
mind that the line is always broad and sometimes diffuse and therefore difficult
to measure. Further, many of the measures have been made visually or on
photographs of very small dispersion and they must therefore be held to be liable
to large probable errors. In the type-stars, Miss Cannon gives the value as 4633,
in vy Velorum (Oa Pec.) the mean wave-length is given as 46357, while Copeland’s
visual measures at Vineoeayal gave 464°6 and onr recent measures of the band
in Nova Geminorum (2) gave 4639°2. It is, however, -probable that the same
radiation was measured in each case.

* Monthly Notiees, R.A.S., Vol. LXXIIL, No. 2, Deecember 1912,
t Copernieus, Vol. IH., p. 205,
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In relation to novee, which show simultaneously bright and dark lines in
their spectra, it is interesting to note the features which differentiate the spectra
of the several groups of Pickering’s O class. This class has, in the Kensington
classification, been treated as a whole and is designated “ Argonian,” but in the
Harvard classification it is subdivided into five groups, Oa to Qe inclusive; a
similar subdivision of the “ Alnitamian™” class has recently heen made at Sonth
Kensington.” ‘

In the Oa class, as we have seeen, the radiation A 4633 is the strongest
and occurs in a speetrum of bright lines only, the continunous spectrum being
weak; A 468SS and, possibly, the { Puppis hydrogen lines are also present. In
the Ob class the A 4633 band is absent, A 4688 is very intense and the { Puppis
hydrogen lines are present; again the spectrum is purely a bright-line spectrum.
In Oc X 4688 is still the most conspicuous feature, but A 4633 1s present with
the additional hydrogen lines, and no dark lines are shown. Class Od ({ Puppis)
shows all dark lines except A 46SS and A 4633, but the spectram contains only
four lines in addition to the two series of hydrogen. On the other hand, the
Oe class contains many dark lines in addition to AN 4633 and 46SS, which are
bright. By an intermediate stage (the Oe;B class) the Harvard classification
passes to the purely dark-line stage represented by € Orionis (B, or Alnitamian, type)
in which A\ 4633 and 4688 are not represented and the { Puppis lines are fainter.
Thus, we see that in the Argonian stars, as in novee, the A 4633 bright line comes
out as a prominent feature approximately at that stage where bright lines are
associated, in some form or auother, with dark lines; this, also, suggests a
similarity between novee in the “\ 4640 stage and Wolf-Rayet stars.

There is another suggested relation between Wolf-Rayet stars and novee
which should not be overlooked. Prof. Hartmann found, on examining a photo-
graph of the spectrum of Nova Persei, taken on October 15 and 18, 1907, that
“das noraspektren fast vollkommen identisch mit dem spektrum des Wolf-
Rayet-Sterns BD 35° 4001.”t

This, coming after the nebular stage, at first suggested the possibility of a
reversion in the spectral changes of the nova. The star BD 35° 4001 is of
a fairly typical Wolf-Rayet character,i its spectrum, according to Campbell,
including the radiations AN 4862, 4650, 4627 (4 ), 4598, 4541 (+), 4508, 4481,
4465, 4442, 4369, 4341 (+), 420 (+), 4102 (+), and 406. 1In hoth the
nova and the Wolf-Rayet spectra the line 4687 was the strongest, but the
small scale of the photographs used by Prof. Hartmann made it impossible to
go into any detail.

In answer to an inquiry Prof. Hartmann very kindly informed me that the
two spectra displayed a general similarity in the distribution of radiation, the

* On the Spectra of the Rigelian, Crucian and Alnitamian Stars. Solar Physics Committee
Publications, 1914,

t Astronomische Nachrichten, No. 4232, col. 113, Vol. 177.
1 Astronomy and Astrophysics, Vol. XTII., p. 462,
a 19881 A H
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maxima occurring as stated in his original note. but further than that he was
unable to go owing to the faintness and small scale of his spectra. Thus, while
it is obvious that between the winter of 1901 and that of 1907 some marked
change occurred in the spectrum of Nova Persei, we have not sufficient data to
enable us to fix definitely a stage in the spectrum, or a physical condition, which
would bring the nova at that epoch into line with the other phenomena attendant
upon nove.

4 (0).—OTHER BRIGHT-LINE STARS AND NOVA.

In addition to the Wolf-Rayet stars, there are a number of stars giving
bright radiations in their spectra. In some cases absorption lines accompany
the radiation lines, in others the dark lines are sporadie, while in other examples,
e.g., B Lyrewe, the relative positions of the dark and bright companions change
about from time to time.

These stars are not very numerous among the brighter objects, and their
spectral phenomena—Dbeyond the existence of bright lines—vary so greatly from
star to star that it is almost impossible to classify the objects in more detail.
But although the phenomena are so varied and the objects relatively few, the
problems presented are probably among the most important in astrophysics.

In the following table (XIV.), we bring together the bright lines recorded
in the spectra of several such objeects, and compare them with the spectra of
Nova Geminorum (2) in the “bright-line” and the “\ 46407 stages, and the
spectrum of Nova Persei (2) in the nebular stage. It is necessary to take
two mnove into consideration, because in the case of Nova Persei the A 4640
stage was not considered specitically, while in the case of Nova Geminorum (2)
we have not yet a complete analysis of the nebular stage.

TABLE XIV.

BRIGHT LINES IN THE SPECTRA OF NOVJ/E IN DIFFERENT STAGES,
AND OF BRIGHT-LINE STARS.

| |
N. Geminorum (2), B Lyra
Madrid Speetra, N. Persei (2)
South Kensington reduetion. (South P. Cygni p Centauri (Piekering
o Kensington) and
(Frost). (South ¥ Remarks.
“ Bright-line ” | “A 4640 Nebular Kensington). South
stage, stage, stage, Kensington,)
Mar. 19, 1912. | Apr. 15, 1912, Aug. 26, 1901.
AA AA AN AA AA AA
n e 342+ - — —- von Gothard’s uebular line.
== 0 =— = = — 3819-2
— = —_— —_— — 38562
—_— — 3868 — — —
— == —_ 3889 — 3887 H; + He.
3934-6 — = 3933 — = p- Ca.
= = = 3964 —_ —_ He.
3969-2 3970-25 3970 3970 — — H, + II (Ca).
—_ — = 3995 —_ — N.
40069 = — = — —
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BRIGHT LINES IN THE SPECTRA OF NOVA IN DIFFERENT STAGES,

AND OF BRIGHT-LINE STARS—continued.

N. Geminorum (2), N. Persei (2) B8 Lyrz
Madrid Speetra, (South ‘
South Kensington reduction. | Kensington.) P. Cygni p Centauri (Pickering
T~ 7 | \Xebular (Frost). (South onf el i
“Bright line ™ | “A 4610 stage, Kensington) South
stage. | stage, Kensington.)
Mar. 19, 1912 | Apr. 15, 1912. | Aug. 26, 1901,
AA } AN AA AA AA AA
— | = 4684 = — —
46981 — - — — —
— | — = 4713 —_ 4712:8 He.
= { — 4720 -— — —
4727-8 — - 3 — — —
= — i 4808 — i = —
4861-49 486149 | 1862 4861 l 4861 4861 ITg,
— — | = gozs — 1923-7 | 1le.
— | -— 4959 - —_ —
— — 5007 ‘ — — is
— —_ — 5016 — 5023 Ile.
— — — 5055 — —
— — — l 5127 — —
x5 — — 5155 — —
— — — | 5240 — —
— — — 5876 — — ' He (Dj3).
—_ — — 6563 — — I,
— — — | 668 — — | He.

This comparison does not show any striking likeness between any of these
typieal bright-line stars and novee. The hydrogen lines are common to all, and
so is the N 4471 helium line, excepting p Centauri, but many other helium lines
which appear in P Cygni and B Lyree are absent from all the novae spectra
here dealt with. The spectrum of u Centauri does resemble that of the novee
in the bright-line stage, in that many of the lines are due to proto-iron, but
they are not always the same lines. No analogue of the nova N 4610 stage
presents itself, and the entire absence of the typical nebular lines from the
bright-line spectra eonsidered, absolutely debars any analogy being drawn between
these spectra and the nebular-stage speetrum of the nov:e.

Thus, we arrive at the econelusion that the physieal eonditions obtaining in
novee, in any of the stages pictured in their speetra, are very dissimilar to those
obtaining in the typical bright-line stars cousidered in the above table.

5—THE STRUCTURE OF THE BANDS IN NOVAE SPECTRA.

One of the most striking features of the speetra of novae, espeeially when
in the “bright-line” stage, is the multiple character of the broad bright bands,
particularly those of hydrogen, such as might be expected if we were dealing
with a eomplicated system in whieh the different units were moving in the line
of sight with enormously different veloeities.
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In most novee speetra this phenomenon has been remarked, and in the case
of Nova Aurigee the strange and apparently varying multiplicity was so puzzling
that Schumann pointed out® that if a multiple system were invoked to explain
it, the system would have to be at least sextuple. Belopolsky’s results, quoted
by Vogel, required an even greater complexity to explain them.

In the case of Nova Persei (2), many intensity curves of various lines,
principally of hydrogen, were published. The South Kensington intensity curves
appeared in several papers communicated to the Royal Society in 1901,f and
showed numerous changes in the dispositions and intensities of the maxima seen
in the hydrogen lines. If these varying displacements be taken as a Doppler-
Fizcaw effect, the relative velocities shown by the extreme Dbright maxima of
Hg amounted to as much as 1,000 miles per second, while the relative velocity
of the two central maxima was about 200 miles per second. It is to Dbe noted
that these broad, bright bands generally do not fade in intensity from one edge
to another, but usually have sharply defined edges on both sides, indicating that
the motions, if motion can be held accountable for the shifts, are those of well-
defined streams of matter, each stream moving with its own peculiar velocity.

In the case of H, the early photographs showed three maxima, the two
outside ones being broad, the middle one narrow, although almost of equal
intensity ; the curve resembles the sharp double reversal such as is found in
the solar calcium lines H and K in the neighbourhood of a solar disturbance.
Between February 25 and March 10, 1901, the maximum intensity in this band
changed from the more to the less refrangible side of the Dright band.

In the case of Nova Geminorum No. 2 this complicated structure of the
bright bands, in the bright-line stage, was again a pronounced feature, and the
oscillations of the maxima within the bands was remarked by many observers.
The changes exhibited on the Madrid spectrograms are discussed in Section 3 (),
and it should be noted that the phenomena were shared by the bright metallic
bands, similar structure appearing on the same date and all varying together
from one date to another, thus showing the complex chemical nature of the
matter which produced the radiations.

As the spectra of novee change from the “bright-line” stage to the later
stages, the complicated structure tends to disappear with the subsidence of the
disturbance until, in the “nebula” stage, the bands are much niore homogeneous.
In addition to the complex bright lines in the * bright-line” stage, there are
also the dark companions to the hydrogen lines to be considered. These do
not show the same structure as do the bright lines, but do suffer changes in
apparent positions and appearance. At times they are not separvated from the
bright Dbands, and the suggestion has been made that their less refrangible

* Astronomy and Astro-Physies, Vol. X11., p. 159. t Zbid., Vol. XI1I., p. 56.
1 Roy. Soc. Proc., Vol. 68, pp. 143, 144, 233, 234 and 404.
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edges might be masked by the emission, thus making it impossible to determine
the wave-lengths of the centres of the dark Dands; but at other epochs there
has Dbeen a distinet space between the less refrangible edge of the dark, and the
more refrangible edge of the bright, bands. Examples of this are shown on
Plate II., where the division between the bright and dark components may he
seen on the photographs of March 25-April 5.

6.—MAGNITUDE OBSERVATIONS OF NOVA.

The phenomena attending novae in their early stages are so obviously
cataclysmic in character that one would « priori expect strongly-marked oseilla-
tions in the general light-emission. Suech oseillations have been observed in
the magnitudes of those novee which have been discovered immediately after
their first appearance during the early stages of their spectral changes.

The light-curve of Nova Aurigie was a very remarkable one. Less bright
than the eighth magnitude on December 8, 1891, it was of about magnitude
5'0 when discovered by Dr. Anderson on February 1, 1892, and then, after
reaching a maximum, it declined gradually, with many intervening brightenings
on a small seale,* until on April 26, 1892, it had sunk so low as the sixteenth
magnitude,T according to Prof. Burnham’s observations with the 36-inch refractor
at the Lick Observatory. But observations made at the same observatory on
August 17, 1892, showed that the nova had brightened considerably, and was
then of magnitude 10°5, while two days later it had become 9°8, where it
remained steady for a long period.

Coming to Nova Persei (2), observations, made at South Kensington from
February 25 to May 5, 1901, were plotted on a eurve,f and showed that the
magnitude was an oscillating quantity. ¥From this and from the much more
extensive data collated by Prof. Pickering$ it is seen that while the increase of
light to the primary maximum took the form of an enormous uprush, unbroken
by any fluctuation, the decrease was relatively much more gradual and was marked
by very frequent oscillations.

In a communication to the Royal Society in June 1901/, I pointed ont that
the spectrum of the nova appeared to vary in sympathy with the changes in

magnitude, and this was confirmed by several other observers.
[

Prof. Pickering showed that during the period March 17-April 28, 1901,

the spectrum varied from “normal” to “nebula,” as the magnitude changed

* Monthly Notices, Vol. LIL, pp. 357-368, March 1892, T Zbid., Vol. LIIL., p. 59.
1 Proe. Roy. Soc., Vol. 68, p. 399.)
§ Amnals of Ilarvard College Observatory, XLVIIL, Part. II., Plate I
| Proe. Roy. Soc., Vol. 68, p. 403.
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An attempt to determine the parallax of Nova Lacerte, 1910, made by
Dr. Slocum, with the Yerkes 40-inch refractor, gave the value +0°013"
+0°014", and reducing this for the assumed parallax of the comparison stars a
probable value, 4-0°018", was obtained for the absolute parallax of the nova.*

Franz found a large negative value - 0°32" 4 012" for the novaf which
appeared in the Andromeda nebula in 1885.

These- results and those obtained for other novee, only serve to poiat to the
fact that, as a class, new stars are exceedingly remote from the solar system.

The second co-ordinate is much simpler to determine, depending only on
direct observation of the mnova’s apparent position, and the result is very striking.
All novae, with the one exception of Nova Coronie in 1866, have appeared in
the Milky Way, its branches, or the Magellanic Clouds. This preference for the
Galaxy is well shown for the northern hemisphere on Plate TV., where the positions
of all northern nove have been plotted on a photographie copy of Boeddicker’s
general map of the Milky Way. Such novie as have appeared since 1891 are
marked by the number given in Table I; those that appeared previously are
marked by the name of the constellation and the date of their discovery.

ADDENDUM.

Subsequent to the completion of that part of the memoir dealing with the
bright-line spectrum, and when the memoir was nearly ready for press, we
received a paper by Prof. Adams and Mr. Kohlschutter discussing their observa-
tions of the spectrum of Nova Geminorum (2) at Mount Wilson.§

It was then too late to deal with this paper in the body of the memoir,
but it is thought desirable to publish the following table, even without fuller
discussion, comparing the lines and origins found by the Mount Wilson observers.

In the first column are given the wave-lengths. Messrs. Adams and
Kohlschutter give a great number of wave-lengths for the separate parts of
the bands, but in this table we have taken only such as are described as
belonging to the centres of bright bands, i.e., the typieal bright bands of the
“Dright-line ” stage. The second column contains the origins ascribed to these
radiations. In the third and fourth columns we give the wave-lengths and
origins found at South Kensington from the discussion of the Madrid spectro-
grams of the same nova. Then follow the similar data we published from this
observatory in 1902,f in which it was shown that these bright radiations of

* Astrophysical Journal, Vol. XXXV., p. 137.
1 Astronomische Nachrichten, No. 2816.
1 Proc. Roy. Soc., Vol. 69, p. 356.
§ Astrophysical Journal, Vol, XXXVI., p. 293.
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ADAMS’S AND KOHLSCHUTTER'S SPECTRUM OF NOVA GEMINORUM (2),
COMPARED WITH THE SOUTH KENSINGTON RESULTS——continued.

NorsGemidirom X.Goinon | SPnAEy | et | STomeen
Remarks.
AA O"N . l . L |
il ngm.j AA Orlgln.I AA Orlgm.’ AA Origin, AN l\=Ialy(() Orlgm.‘
_ | - — | — | 41 |pm (4411-20 p.Ti| 44112 | 1 |p.Ti
44165 | — = — — — J4417'0 *p. Fe| 4417-0 5 |p. Fe| *Fowler.
— | = — = = | - {4417'83 p.Ti| 44179 | 2-3 |p. Ti
SR e — | = | ae | — — — — - | =
— | — |rusee| — | 4134 | — — — | 4344 | 1 | Unk
4426 | He* || — | — | 4444 |p.Ti 4443-98 p.Ti| 4444°0 | 4-5 |p.Ti | *He band A 443,
— | — {44504 | — | w5t | — — _ — N
4473:3 | He | 44700 | He | 4470 |p.Ti 446886 p. Ti {ﬁ??g o [P
‘ 450846 ) *
N Il FUUA DR L B P g;g%} p.Fe 45204 | 4 |p.Fe| *Meann = 451676
| 4522-69 — b 45227 | 5 |p. Fe
4522'8 — — | = = | = _ — — S
N — | — | 43 [p. T 4534°14 lp. Ti| 45341 | 5 [p.Ti
45524 | — | 4549°0 | p. Fe 4548{‘3:1,;? b :g: gf'}4549~s 7{‘3}}'?
45794 | — - | =] = | = 4576°51 | p. Fe‘} 45765 | 3-4 |p. Fe
4586:0 | — | 45841 | p.Fe| 4583 |p.Fe 458402 Zp. Fe| 45840 | 7 |p.Fe
46010 | — — | =] = | - _ B — | —
46117 | Neb.| — | — | — | — _ | _ — N
16220 | — - | = = | = — — | 46235 | <1|Unk
46314 | — | 46331 |p.Fe 4628 |p. Fe {iggggg}* p. Fek 46296 | 5-6 | p. Fe | *Mean A = 4632+52
16407 | Neb.| — | — | — | — — — | 46411 | <1 | Unk
455403 | — S N R _ _ _ N
— | — | 4602 — | — | — — _ - - =
16674 | — I | - - | = — — | 1667-2 | 2-3| Unk.
46758 | — ] o141 | — | ae10 | — — _ | o735 | <1 | vnk.|
16571 | Neb. | 2687 | — | — | — | _ _ _ U
17385 | — — | = = | = . _ _ — | =
4792:6 | — — — — 8 — — — — | =
48041 | — S B _ - a — | =
— — = = 4822 | p. ér 4824 -33* p. Cr | 4824-3 4 |[p. Cr | *Strongest enhanced
! line of Cr
48372 | — — =1 - | = o _ _ N
4841°7 | — — = = ] = _ _ _ ) |-
4842+9 | - & | — _ | = _ ] . - | =
4863:0 | Hg | 4861'49 Hg | 4862 | Hp - | — | sse1-a9| 10 | He |
49054 | — No record - S e _ — - N
beyond Hg ) i
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